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57 ABSTRACT 
A means of varying both the opening and closing angle 
of internal combustion engine cam-operated valves by 
means of a mechanism which responds to the torque 
applied to the camshaft by the valve springs in such a 
way that the opening angle of the valves is retarded and 
the closing angle advanced and in which a means of 
inhibiting this operation can be incorporated. 

18 Claims, 2 Drawing Sheets 
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1. 

VARABLE WALVE TIMING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to variable valve timing for an 

internal combustion engine. 
2. Discussion of Prior Art 
In an internal combustion engine of the four-stroke 

(Otto cycle) type the phase of the engine cycle during 
which the inlet and exhaust valves are open is usually 
referred to as valve timing and is quoted as the opening 
and closing angles for both the inlet and exhaust valves 
before or after the point at which the piston reaches 
"top dead center" (TDC) or "bottom dead center' 
(BDC). In a conventional engine these angles are fixed 
and do not vary over the entire engine speed and load 
range. 
The fixed valve timing is a compromise setting over 

most of the engine operating range because the dynamic 
behavior of the gas flows in the cylinder and through 
the valves varies considerably over the entire range. 
For this reason the fixed valve timing can only be cor 
rect for some required engine performance characteris 
tic (eg. minimum exhaust emissions, maximum power, 
lowest fuel consumption) at one particular engine speed 
and load situation and over the rest of the range poorer 
performance must be accepted. 
This behavior of the fixed-valve-timing internal com 

bustion engine has been known almost since its inven 
tion but the simplicity of fixed valve timing has led to its 
retention, with individual engine designs being 8 com 
promise aimed at some particular performance charac 
teristic in which some desirable characteristics are sacri 
ficed for others; for example an engine design might aim 
for high output power at high speed at the expense of 
low speed tractability. 
There is a great deal of published information and 

patents on means of varying the valve timing of an 
engine. The methods that are described in these vary 
widely but one group of mechanisms change the valve 
timing by changing the phase of the camshaft relative to 
the crankshaft. All of these mechanisms have a source 
of power separate from the camshaft to effect this varia 
tion in phase. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided 
an internal combustion engine valve timing system in 
which the camshaft is driven by means of a mechanism 
which can permit a limited change in the phase relation 
ship between the engine crankshaft and the camshaft 
and in which the phase change takes the form of an 
angular displacement which is compliantly constrained 
about some nominal angle in such a way that the torque 
reaction from the camshaft operating the valves results 
in a change in the instantaneous phase displacement in 
some desired manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial representation of one example of 
the invention in which the camshaft drive is passed 
through an epicyclic differential mechanism the reac 
tion-member of which is attached to a device which 
permits limited movement of the reaction-member and, 
in addition, a reaction-member locking mechanism is 
shown. 
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2 
FIG. 2 shows a particular example of the means of 

providing compliance and damping in the reaction 
member support. 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

In FIG. 1 a camshaft 5 is driven by the engine crank 
shaft by means of toothed belt 8 and pulley 7 through 
the input shaft 4. Interposed in this drive is an epicyclic 
differential-gear 2, the planet gears of which are sup 
ported on shafts protruding from the reaction-member 
3. The sun gear of the differential 2 is driven by the 
input shaft 4 which passes through a bearing in the 
reaction-member 3. Rotation of the sun gear with the 
input shaft 4 causes the annulus of the differential 2 to 
rotate in the opposite sense to the input shaft 4 at a speed 
ratio depending on the number of teeth on the sun gear 
and the annulus. The torque required to drive the cam 
shaft would cause the reaction-member 3 to rotate in the 
same sense as the sun gear and this rotation is prevented 
by the spring-loaded member 1. This spring-loaded 
member 1 is equipped with damping means which may 
be varied electromagnetically with solenoid valves 9 
and has an oil supply 10 from the engine lubrication 
system. 
Cam 6 may be one of several cams on camshaft 5. 

Cam 6 when operating on valve 13 experiences a torque 
from the force applied by the valve-spring 14 in a sense 
which opposes the normal motion of the cam when 
depressing the valve 13 but once the valve 13 has passed 
maximum depression the sense of the torque changes so 
that the torque now assists the normal motion of the 
cam 6. The alternating sense of the torque on the cam 6 
causes an unlocked reaction-member 3 to rock about 
input shaft 4. The angular extent of this rocking is lim 
ited by the spring-loaded member 1. 
The effect of this rocking of reaction-member 3 is to 

retard the opening of valve 13 and to advance the clos 
ing of valve 13. By suitable choice of springs within the 
spring-loaded member 1 and adjustment of the damping 
by the solenoid valves 9 the degree of advance and 
retard of the valve timing can be controlled. Pawl 11 is 
spring-loaded into the slot in reaction-member 3 to 
prevent the- rocking motion of reaction-member 3 
when fixed timing operation of the camshaft is required. 
An actuator 12 withdraws the pawl 11 from the slot 
when variable valve timing is required. 
At high engine speeds gas dynamics result in scav 

enging of the cylinder as exhaust gasses are expelled, 
and require the inlet valve to open early to take advan 
tage of the depression in the cylinder which can then 
accept combustible charge before the piston starts to 
descend. Similarly, after the piston reaches bottom dead 
center and starts to ascend the gas charge continues to 
flow into the cylinder because of gas inertia, and it is 
advantageous to close the inlet valve after the piston has 
progressed some way up the cylinder. 
At low engine speeds the gas inertia effects are very 

much reduced and, both, to prevent the exhaust gas 
blowing back into the inlet manifold when the piston is 
approaching TDC and to prevent the combustible 
charge blowing back into the inlet manifold when the 
piston starts to ascend after BDC, it is desirable to open 
the inlet valve later and close it earlier than is the case 
at high engine speeds. Similar considerations apply to 
the exhaust valve. The example shown, therefore, 
shows the variable valve timing operating for the low 
speed situation. 
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FIG. 2 shows one arrangement of the spring-loaded 
member 1 in which two pre-loaded springs 17 deter 
mine the position of a piston 15 in a cylinder 16 in the 
absence of any external force. The springs 17 provide a 
restoring force to piston 15 when it is deflected from the 
neutral position by the camshaft reaction torque acting 
through the reaction-member 3 shown in FIG. 1. In the 
absence of any damping, the reaction-member 3 would 
rock through an angle determined by the force of the 
valve-spring 14 acting on the cam 6 and the restoring 
force provided by the springs 17, therefore, the angle of 
advance and retard of the camshaft by comparison with 
its fixed timing position would depend on the relation 
ship of the spring rates of the spring 14 and the springs 
17 and on the dimensions of the mechanical compo 
ents. 

Suitable choices of spring rates would result in some 
substantially fixed advance and retard angles appropri 
ate to very low speed engine operation. However, as 
engine speed increases, it is desirable for the engine to 
approach a fixed valve timing appropriate to the high 
speed gas dynamics situation. 
To allow the valve timing to be changed from the 

situation in which the timing depends on the selection of 
spring rates, progressive damping can be applied to the 
piston 15 by restricting the oil flow through solenoid 
valves 9 which urge plungers against valve Beats to 
provide a restriction to oil flow and at some appropriate 
speed pawl 11 can be engaged to lock the reaction 
member 3 and fix the valve timing. 
The damping restriction can be applied differentially, 

if desired, to affect the mean position about which the 
piston oscillates. In this way some measure of indepen 
dent control of the opening and closing times of valve 
13 can be effected. 

It will be understood that various mechanisms may be 
devised which would provide the compliantly re 
strained phase-change without affecting the novel as 
pects of the invention. 
We claim: 
1. An internal combustion engine valve timing system 

in which at least one camshaft is driven by means of a 
mechanism including a differential gear system which 
an permit a limited change in a phase relationship be 
tween an engine crankshaft and the at least one cam 
shaft and in which the phase change takes the form of an 
angular displacement which is compliantly constrained 
about some nominal angle in such a way that a torque 
reaction from the camshaft operating valves results in a 
change in instantaneous phase displacement in some 
desired manner. 

2. A system as claimed in claim 1 in which the differ 
ential gear mechanism has a reaction-member compli 
antly constrained from rotation. 

3. A system as claimed in claim 2 in which the reac 
tion-member is constrained by spring forces applied to 
the reaction-member through some suitable arrange 

ent. 

10 

5 

25 

30 

35 

45 

50 

55 

60 

65 

4. 
4. A system as claimed in claim 1 in which a means is 

provided for damping the phase change to limit the 
amplitude of the phase change in some desired manner. 

5. A system as claimed in claim 4 in which the damp 
ing can be controlled in response to a signal such that 
the valve opening and closing times may be adjusted. 

6. A system as claimed in claim 1 in which the phase 
change can be inhibited in response to a control signal. 

7. A system as claimed in claim 2 in which a means is 
provided for damping the phase change to limit the 
amplitude of the phase change in some desired manner. 

8. A system as claimed in claim 3 in which a means is 
provided for damping the phase change to limit the 
amplitude of the phase change in some desired manner. 

9. A system as claimed in claim 2 in which the phase 
change can be inhibited in response to a control signal. 

10. A system as claimed in claim 3 in which the phase 
change can be inhibited in response to a control signal. 

11. A system as claimed in claim 4 in which the phase 
change can be inhibited in response to a control signal. 

12. A valve timing system in an internal combustion 
engine, said engine having a crankshaft, at least one 
camshaft and valves associated with said at least one 
camshaft, said valve timing system comprising a differ 
ential gear system means, driven by said crankshaft, for 
compliantly driving said at least one camshaft in a phase 
relationship with said crankshaft, said differential gear 
system means including compliant means, responsive to 
torque variations from said camshaft, for providing a 
limited angular phase change from a nominal phase 
relationship between said crankshaft and said at least 
one camshaft. 

13. A system as claimed in claim 12, wherein said 
differential gear system comprises an epicyclic differen 
tial gear system. 

14. A system as claimed in claim 12, wherein the 
differential gear system means includes: 
a rotational reaction-member for interconnecting said 

crankshaft and said at least one camshaft; and 
said compliant means is connected to said reaction 
member and compliantly constrains said at least 
one camshaft and said crankshaft to said nominal 
phase relationship. 

15. A system as claimed in claim 14, wherein said 
means for compliant means comprises at least one 
spring means for applying a restraining force to the 
reaction-member. 

16. A system as claimed in claim 12, further including 
a means, responsive to said reaction-member, for damp 
ing and limiting amplitude of any phase change away 
from said nominal phase relationship. 

17. A system as claimed in claim 16, further including 
means for adjusting damping of said damping and am 
plitude limiting means and thereby adjusting valve 
opening and closing times relative to position of said 
crankshaft. 

18. A system as claimed in claim 12, further including 
controllable locking means, responsive to a control 
signal, for fixing said phase relationship to said nominal 
phase relationship. 


